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LINER EXPANDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner vherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil well or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being sightly less 
than the inside diameter of the conduit. An expanding tool is passed 
through the liner placed in the conduit, and a first-stage expanding die 
causes a gross plastic deformation of the liner, which is expanded outwardly 
against the inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more complete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force is a direct 
function of the strength, or wall thickness, of the conduit in which the 
liner is being installed. For example, in lining oil well casing, heavy 
wall casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces required may result in rupture of the casing 
or in breaking the installing tool. In instances where the internal 
diameter of the conduit is somewhat less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause damage to the casing and the tool. In other designs, such as where 
a cantilever spring arrangement is employed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism having the desired strength in combination with the other spring 
characteristics, and with the tool dragging against the inside wall of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed in veils 
deep in the ground, it is highly preferable that a tool be used which under no 
circumstances vill become stuck in the well or cause damage to the veil. Any 
such trouble occurring in a well can result in considerable loss in time and 
great expense in making repairs. 

An object of the present invention is a device for applying a con- 
stant force to an expanding die or other similar apparatus so that a pre- 
selected maximum force is exerted against a vork piece. Another object is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetermined force to the liner 
being installed in the conduit. Still another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object is a rugged, easy-to-operate expanding tool employing such a spring 
device. These and other objects of the invention vill become apparent by 
reference to the following description of the invention. 

In accordance with the present invention there is provided a con- 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longi- 

0 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent permanent deforma- 
tion of said column element upon the application of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force 
spring device is employed in a tool for expanding a metallic liner inside 

a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the follow- 
ing description and the accompanying drawings wherein: 

1 Figures 1A, IB and 1C, taken together, constitute a partial cec- 
tional view of a preferred embodiment of a liner expanding tool according to 
the present invention; and 

- 2 - 



7362 88 

Figure 2 Is a sectional view of the apparatus of Figure 1A taken at 
line 2-2; and 

Figure 3 Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the Invention. 

Referring to the drawings, Figure 1A is the bottom portion of a 
liner expanding tool for use In installing a metallic liner In a well, while 
Figure IB illustrates the middle section of such a tool and Figure 1C repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coupling 13 and, typically, may be lowered from the 
surfece through a well casing (not shown) to a point in the casing at which it 
is desired to install a metallic liner. Before inserting the tool into the 
well, an elongated vertically corrugated liner Ik fabricated from mild steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
ing die 17 in the form of a truncated circular cone which serves as a first- 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 17 
is held in place between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable arms 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft 18. The enlarged portions of the arms 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantially cylindrical shape. The arm members 22 are pivotally 
attached to the shaft ao as to be movable outwardly from the shaft by a tapered 
expanding member 2k elidably positioned on the shaft to serve as a second-stage 
expander. The surface of the member 24, as shown, moves upwardly along the 
shaft to engage with the arms and move them outwardly. Advantageously, the 
inside surfaces of the arms 22 and the outside surface of expanding member 24 
form mating sections, typically octagonal in shape. The expansion of the arm 
members is controlled by the position of the member 2k which moves upwardly 
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until It contacts shoulder 26 provided on the shaft. As member 2U moves in a 
downwordly direction arms 22 fold inwardly tovard the shaft. The expanding 
arms 22 are held in place on the shaft by collar 27 and circular groove 28 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing. The 
first-stage die provides a gross deformation of the liner so that it is 
expanded outwardly against the wall of the casing. The second-stage die then 
passes through the liner and performs the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 

i 

the wall of the casing and effect a fluid -tight seal. 

In operation, the liner setting tool is assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the liner. The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows through 
the passageway 29 provided in polished rod 31, through ports 32 and into cylin- 
der 33 connected to the upper end of the shoulder 16. Upon the application of 
fluid pressure to the cylinder, the piston 3^ secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 17. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 17 and the second- 
stage die 22 are drawn upwardly into the corrugated liner Ik and "iron out" 
the corrugations in the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 2^ ia a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially constant, force . The force exerted against the arm members being 
substantially constant, the force transmitted through the arm members to the 
liner and to the casing will be substantially constant so that either sticking 
of the tool in the caaing or rupture of the casing is precluded. Of course, 
the force provided by the spring member is preselected so that the frictional 
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forces between the tool and the liner and the pressure exerted against the cas- 
ing ore maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

r. 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing, while preventing damage to the casing or to the tool. 

The constant force spring member 37 is slldably mounted on the shaft 
18 and held between the expanding element 2^ and a cylindrical lower shoulder 
member 33 forming a portion of a differential sorew element 39 which transmits 
the loading on spring member 37 to shaft member 18. The differential screw 

10 element comprises shaft member id on the outside of which are cut male threads 
l8a, the lower shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads Ula and hit> on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ in pitch so that shoulder 3d is moved 
upwardly on the shaft 18 when the shaft is revolved relative to thimble kl. 
The shoulder 38 is secured to the shaft 18 by splines If 5 so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lower end of the thimble Is a friction member, such as bow springs h2, 

20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 38a is the same as that of the shaft threads 18a, e.g. right- 
hand threads, and the pitch, or lead, of threads 18a is slightly greater than 
that of threads 38a, with the pitch ratio being close to unity. In this 
manner, clock-wise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, one satisfactory 
differential screw was made up using five and one-half threads/inch square 

30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/ inch square threads on a shoulder approximately 2. 5 -Inches 
inside diameter. 
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Constant force spring element 37 comprises column element 43, advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member 44 is in contact with the upper ends of the 
columns and is slid ably positioned on shaft 18 to transmit the force of the 
spring longitudinally against the bottom end of expander member 24. Lover 
bearing plate member 46 contacts the lover ends of the column© and is moved 
upvardly along the shaft by longitudinal movement of lover shoulder 38 as a 
result of revolving differential screw element 39. Grooves 47 are provided 
in each of the bearing plates, to form an upper race and a lover race, Into 
which the ends of the columns are inserted. These grooves raay^be shaped to 
conform vith the s^ape of the column ends if desired. A cover 48 may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto vould cause total failure or rupture of the 
columns. Therefore, a pair of stops 49 and 49a are provided for this purpose. 
As shovn, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lover limiting sleeves positioned on the shaft to 
slide longitudinally thereon. The endB of the stops may mo^e tovard, or avay 
from, each other as the load on the spring member varies, lover sleeve 49a 
is prevented from moving dovn by lover shoulder 38 connected to the shaft 18. 
However, the spacing betveen the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent permanent 
deformation of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pins or 
rings mounted on the shaft may serve as stops, or the cover 48 provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/ or lateral deflection of columns. 

The columns of the column element 43 may be arranged around the 
shaft 18, vhich as shovn here forms a portion of the body of the epring 
device, vith ends of the columns fitted in the races 47. The columns may be 
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fitted closely together as shown, cr may be spaced aroun-i the race, with sepa- 
rators used betveen them to maintain the desired spacing. The number of 
columns employed vill depend upon column characteristics and the materials of 
construction. For example, the slenderness ratio of the column may be varied 
widely, and the column end-, may be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded enas, free to move within 
the races shaped to the curvatu: e of the column ends. Materials which may be 
satisfactorily employed for the columns are carbon and low alloy steels, 
chromium and nickel- chromium stainless steels, various copper baae alloys, such 
as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns are of long rectangular cross-section, with the width being 
greater than the thickness, and arranged so that the wider face of the columns 
is normal to the diameter of the shaft. Thu 6; with sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of inertia, e.g., outwardly away from the shaft Id. 

For example, a group of columns 0.167- inch thick by 0. ^8-inch wide 
by 10.626-inches long, with the ends rounded, were fabricated from A. I.S.I 
*O*i0 steel, quenched and drawn at 575 °F. Each column was found to require a 
critical compression loading of ^50 pounds in order to buckle the column. 
After buckling, the columns were found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein P c is the critical buckling load and point 
C represents the load and deflection at which the stress in the extreme fibers 
of the column exceed the yield point of the material. Theoretically, the snap* 
of this spring characteristic curve is described by curve QA'ABC. Actually, 
this curve is deacrlbed by OABC due to friction in the system. Points A end B 
represent typical- working limits, which, of couree, may be varied according to 
the application for which the spring is designed. For example, where a large 
number of flexing cycles are n P t anticipated, a working stress Juat below the 
yield point may be used, while with, a great number of flexures, the working 
stress may be held to less than the endurance limit of the material of construe 
tion. In the above -mentioned tests, the lateral deflection was limited to 
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approximately one loch, at which the longitudinal deflection was approximately 
0.225 inches. From zero deflection to the maximum deflection, the 450-pound 
loading was found to be substantially constant. 

In another test a spring device was built, as shown, employing 20 
columns, each having a critical buckling load of 1250 pounds. The lateral 
deflection was limited between 0 and about 1.00 inches by appropriately posi- 
tioning the stops. Upon compression^ loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0U inches 
(buckling) to about 0.15 Inches the load remained substantially at 25,000 
10 pounds . 

Of bourse, in designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values of lateral deflection and critical buckling load, while maintaining 
the stress level in the columns at a safe level. The preferred columns, there- 
fore, are laminated, as shown in Figures IB and 2, with multiple flat members 
making up each column. 

In the operation of the above expanding tool for setting a liner 
in well casing, the made-up tool is lowered into the well as mentioned above, 
with the arms 22 in the retracted position. When the tool is at the desired 
20 level, the well tubing is revolved. The friction member 1*2 engages with the 
wall of the casing sad prevents thimble 41 from revolving, with several 
revolutions of the tubing, lower shoulder 38 is mowd upwardly by differential 
screw 39 to buckle spring element 37 which has a predetermined critical 
buckling load. This load is transmitted upwardly against the lower end of 
expander 24, and its tapered surface is engaged with the tapered surface on 
the inside of the arms 22 to urge the arms outwardly with a substantially 
constant force proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the liner to 
expand it in the casing in the manner described hereinbefore. 
50 Ihe fore «°lng description of a preferred embodiment of my invention 

has been given for the purpose of exemplification. It will be understood that 
various modifications in the details of construction will become apparent to 
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the artisan fro. the description, and, as such, these fall vithin the spirit 
and scope of my invention. 



10 



20 



30 



- 9 - 



* m- 



736288 

I CUIMs 

1. A device for expanding a metallic liner inside a conduit which 
device comprises a shaft element, an expanding die number attached to said 
shaft element, said die member comprising a movable liner -forming member 
positioned on said shaft and being radially movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner -forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member and to maintain said expander member against 
said liner -forming member, whereby said liner-forming member is urged against 
said liner by a substantially constant force, 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an expanding die is moved through a liner positioned in said 
conduit to expand said liner: a cylindrical shaft element, an expanding die 
member attached to said shaft, said die member comprising a plurality of arm 
members disposed around said shaft and being pivotable outwardly therefrom to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly from said 
shaft, and a constant force spring member positioned on said shaft to contact 
said cone member and to maintain said cone member in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force. 

3- The device of Claim 2 wherein said constant force spring member 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means connected to said shaft to limit the axial 
travel of said movable bearing plate member along said shaft, and compression 
means for maint ainin g a lateral deflection in said columns. 
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k ' ^ d e^ce of Claim 3 wherein said compression means comprises 
a differential screw connecting said spring member and said shaft. 

5. The device of Claim 3 vherein said stop means comprises a 
sleeve- like element connected to said movable bearing plate member and 
slidably positioned on said shaft and a member connected to said shaft to 
limit the travel of said sleeve -like element. 

6. The device of Claim 3 wherein said columns have a rec tang ular 
cross-section, the width being greater than the thickness, and having the 
wider face normal to the diameter of said shaft. 

7- A device for installing an expanded metallic liner in a conduit 
which comprises a cylindrical shaft element; an expanding die member mounted 
on said shaft, said die member comprising a plurality of arm members disposed 
circumferential^ around the outside of said shaft and being pivotable out- 
wardly therefrom to contact the liner; a conical expanding member slidably 
positioned on said shaft between said shaft and said arm members to urge said 
arm members outwardly from said shaft; a plurality of slender columns, each 
having a long rectangular cross-section and disposed circumferentially about 
said shaft; an upper bearing plate member and a lower bearing plate member, 
each slidably positioned on said shaft and contacting opposite ends of said 
columns; limiting sleeves attached to each of said bearing plate members 
and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screw element connecting said shoulder and said shaft to apply 
a buckling load to said columns; said- shoulder being engageable with the 
limiting sleeve connected to said lower bearing plate member, whereby the 
axial travel of said bearing plate members is limited; said column members 
transmitting their buckling load to said arm members to urge said ana members 
outwardly with a substantially constant force. 
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Ion or too toroM nqiini My fMUlt U rqj*iax ot km moIoj 

So MUBH too iMMUlog tool. X* tutoM ytjytw *m loooroal 
I* lm ■uouaii U« *n oMlolMtoft, loo 



i 



la« fOCM* MO i 

to 



Mftixv cad too tool. io 



AvftljMj ooofe m 
io MBMetdon »otO to* 
tUo lift, TftriO* AtffioaliiO* mo ftOOWB**** in cbftftiiuJ* ■ oprfj* 

M OftTlof U» MlMd VtXM«W lA BO o MTOtitWl Villi tOU 0*OX 1**^ 

ttto too tool <U«aHi* tbo IMlio Mil of 



- ft - 
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a. 



Hoc* tail* of V» i7P« ■aotlOMG ofWt u« tayjojoa ito *»U"» 

lata la tbt it l* tti^Oj pnfmbls U*t a lool *• aatt aaoar no 

1 1 1 —■fin ii rill Vnh» itatk la tte vail uCOM fc— p V> ito *u, tar 
totrtUi oottuttJ« In a «U mm Tw<mU> la eauilwMe U*- U tl» «ot 

A» o*0* at erf tb» gr— a t laaaattos la a aft** /of «wlyi** » w 
i axaacdlaf Ala tr ataar tlaUar nn»*«tet a* taat • ara- 

erjuUm tool *«r laatalllaf mWUU> Uaart la a a****, afcioi 

la to* .oaavnt. fUU aaataar o*go*t af tfat fa waa tta a St ta 
lad «ad avail* faarlo*!** asutnt for©* wl«* aavlat. « fvvtlar 
oYJact fta • a»F-to-oaata*a aapoaUt tool oaPla/taf «•» • •prln« 

Aarle*. Acm aaa oUar cajoota of tat urn»tteo will »*oo»* «pva*vnb V 
rafaraac* to Mm fallovaaa; aawsiytlM »* tat imetotocu 

& tuiaiiVi- 1 vita taa ;r»Mst lavaatUtt taart la prwflnad a oon- 
pC^l rmt ■prima *ari»» waxoft aoaprlaa* a VMjr aaaaar* aa alaxgatt* tolovo. 
•lMOt tdjuaat mU. apt* vaaaar, baw**a »Uta aaatar* owUrtUi tfc* too 
•D4M t* toiA colv #t iMt an «f m!4 Wvlaa plrt* aorihor* **i*t 1«*1- 
tuuaaUy sm«V« l» raaaaot of ta* utt** ask rtopavaot o* tan boor avatar 
to 11*1* aafiattlan of aald *ol»a* ■ I at ait to J«r*s** a*™™" 



lv a aooi tm 



to via* a* fjaaflUt tla *m**r ifldnrl iao 11 box Vttafc 
aoatell by o mkrlaatlally coaaiaat *qtv*. 

Kt isMUoa WU tt Vttbor i—lai ttr i nft V *rt**wa* 
n»g oatcrtvtiw «1 «»■ wwmvui i**»iaa* 

71g*fvo la, U and 1C, 
tloflal tta« of a 



a attalllo Haar 1**14» 
•aW- tool 
|atba 



t* tat follow 



BosvUttita t partial 
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rx«m 2 la a Mvtlvcml »uv ear tha apyaratw ol FtC*« U takao at 

DAM 2-3| 4Cd 

Flpu* > U • typical »)»L «r •9911** wiwi l»riaetlon ftor 

to* ooa»WH f«x«* vprtaj «•*!«• Laatotlon. 

fefarriax -to U» 4mla(i, Finn U u U* hotton porbte« <4 a 
Il_aar — r~M.. t toot for «aa la laotaUlaf a m%*\Uo Umx h a orll. »u.u 
n«*r* IB LLXnrtnaa* V«* »iaila aaetloa of aaah * and rigara 20 wt*u* 
aaat* taa aa iMra. ©T t»a tool. Tha annaUa** tool U ll ahtoahaa U> 

rtaaaaxd vaU tahU* U ■» U-ao«, My ha la»W ft» tha 

10 aartaaa ttooa*h a aoll aaalai {not ah***} U> a fatal la V» «* *nt«b it 

la aaauU V> iawt-lt a aatallio Haw. hhfor* laaarllftf «ba aasl lata tha 
vail* aa alca^tao aartlcaAlj auiia+atad imr 1* faarlctfead £ro> am *ta*l, 
or athnr aaltah la a a iiaahl a arterua* 1b *ia**a aa. tha tool. 
Hoax la oovuatf la joadfcLon ay ftiUdt at it* typcr *afl villi a cjlloirtoal 
pfcooja^ a nil ii 16 Md, at t%» lowar end bf awWi «lth a nrvt-»U*> aspaoa- 
tag Ala IT ia tte fom of a y on aaia d circular o*oa *Mab aaraaa aa a ftrcv- 
rta«> aa jaaaug Ala ta the iw^t aamnaftar AoaarV**- l*m «tynrting dl« U 
flxadlr aoUoaad to a oanttaOJy loaatrt, ahBfataft arUBdrtcal Holloa ■baft Ifl 
valoh forwa a portion of tea Va^ or thn tool. Aa ***•»« u* *xp«niiat at*. 17 
» U bald la plow aatsan a loaar VbOttUtr 10 and oollar n t*nadad onto tha 
ahaft. .A aWallVr or aorail* ara» «W. *far*rably pao<14aa »ltt 
JO aaar tha top; arfa aMi^oaafl in tfea low or » 
■baft 16- Tba anlrraail pcraioaa or loa ana 23 «r^» telai 

snfOaa ta* foaal a«a» a# a*jaatfia| Ifaa 
•yuasrlaal ahaj». T»a am aaaftara K an t laataUy 
«VUek»4 aa taa a&aft ao aa «a wmbis oatnartly xraa U» abafa Iqr a taparad 
O^UOIOC aaaoar 2a UlaabU po^lM-aa on tha ahafa «0 • 
a^aadar. S» •orfaaa of tha aaafca* *, a* aboan, «oa*f 
ahan to xlth tha ana and ama tba* oatvarftly. MLtaatafMnaljr, tfc. 

90 laaiOa miorfaoaa of tha a*aa » and aha ovUlda avfaaa 

mm tfUif wttra, tjrjdaaily oa»a«oaal la aaapa. Bta Mpaaaloa or tha as 
, r u ooalrbUad >y 1ta> roaltlon of tfaa aaabar » nleh awtt opicidlj 



" "3.:. 
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Qotll tt coatooto «teOUUT 86 prcrrKJ-d go V* i*»n. A. aatoa* tS mr*- I" * 
dlraotto- or** fis f*i« tmrtlgr to**** tto f*» awito* 

22 mtm told la »1*^ « to* toon 07 coUm *T oad eurmUr cram* aO 

provtAaa an too toot t. 

Ita •apaall'v tAoSj oossvittoe ri~*%-*t+*m Aim «■* too hiMA* 
lit U %h*m+ tM lloftr to it^ tt IB l» tlM 0*aUft» »* 

fUit-iti^ 41* pr^W « ••fcttsstion o* u»»r oo tost it u 
abated ostoaxtJy <#lHt to. nil of to* oooool-stosa Bio 

|Umi torat* to« u*»r Ml a*rfo*s* n**i *Qaaaleo to 
nrfwi of toa UMf M>i «0 IwtUa ■<** *»• 

to* »U or im cuui tafl «ff»ct • m^d-ti#n 

H «c«i»tion, too ltoor mtm« tool 1* — — Mo* M to* wf«e, ** 
esaorlbea oaoro, aad » |Ua clcO* aatmratod. rith • rsstooo* savmol aay *c 
ssspia* noM th* comaptoa Uft* to tw* Urn ltoor. V* asaoablj U Ljwtt* 
tato toa wU OS to* loooUoo at afcicA to* llaar Jo to to Mt. X XlqoW, aneh 
M oil, to toss ssjssa ootor jrMasro «o» to* *»" tnbtjjt as* flovi toro** 
tt* ^,Mr«J orwiao* U oolltood xol 31, pert* >2 «sd Urt* *jn*- 

oar 39 ooooootal to torn spoor ao* ox too abooJscr ?4< toa apsliartto* of 

flatt sitasur* to toa to* *l*toa * o****** ** poltobrf rol 11 boom 

polltosa rol^Md toBft 
BLa IT. Uu U- ptktoa ?V 

dlo 17 «• BOflOBl- 

U**r lk odA "Iron oat* 



u9»erily 1* o/liodo* ». A* ooom, rod 96 
Ifl m?a+ «M«b la aoaatoJ to* nrrt-Pto«f 
motoo apoBTdlj toiwajb too Bjltodar 39 tte 
aWaoa 41o Ct or* Bjoko mpwiHIy loto too 

toa ■ pQUfT— u too Usar» so toai. toa 

laalla **li Of tfaa eBBlBf *tU* U Sa balng ItoUllaa. looiiSoBoft e» toa 
otaft omUar to* HQaaBfiif aooW *1* * otaartaoC roroa ryrlac Boater 37 
la ospXd^ to era. toa Boabar aoUat tt* OBVOflllai «* W rtth . 

mitofaaotUU? •oMUol. fttrc*. < tte fwei a»artad «*U»t too us aa«Mx« saiaj 
•ObatastloUY oafiatoM, too foroo trtoaalttaa toroia> to* »im assbar* to toe 
U*r -oa to toa dtaU* will to atootsMlolly •ooatoat «■ U»t altou fU*W«« 
of toa tool is to* eMlac or vqptxB* of too coal** i« ^solaflofl. or moth, 
tb* rtaso sroAAai Vf to* oortoc «oato£ it prsaalacto* to toat toa Motto**! 



•A 



i 

loR*r 




BrlWW 
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/ore** btTUMS the tool m4 It* Umx and too 3 
tat "olfltoiooA tl oroaotondooA Mfo 
i* too 



nt (wu oprloj 



10 



erf **• *»b 23 u pttl oootto* V) frond* Um ftcrU** of t»« 

1*4V orotoo, tloo, itmgi -w to* ••■lo# or to tl« Cool. 

Tbc tgutMt faroo oprW .o*ft«r 77 U ftlioftMj oouotoft a 
U Mi ooM teu« too osportlfti *A**^t » ood ft cjrli*dil«i Mr 
— b»r J8 f onil-i • partto. f o 4lf*«oo^ or«o* .1*^ » *««ut. 
■ylH aate JT to *ft«*t l *V 
ii— J.H j |- iktft —ftftt lA oi too ootrld* ftro oftU 

onldor oooftwr » orortdod r»-J* thmd* 55- ttuMo 
«sX provldol rtto t»i MM 43* oM kv> m oototd* 
rU~X7, to f m vttft tlmdi on oooft tad too i 
or iferoolo oro «roo> ■«* «J •<fl»ro ( 0011*1*4 »oj»*» ■» — «w— # 
to vltmood v«T7 ki*t> loofto md AiHwr U pitch oo ooouldtT W t» -P** 
bovojUt om tot that lA imo Urn ftari !• Jowoiwd rolotm to ttlafcU *!• 
B. oorifr J» lo mill to tho otaf t lA V » ttat « «s all«o 

loagltailBolly. tetltl«urt rroo to rotvtt oo «»• ofcof*. Jimaiy ottoohot 
to too loror op9 C* U» Ifclools U o frictlDa oca**r, poeh u o»» *>rlo#i 4ft, 
fc ft^tronliaoUr ootuotod friction yoa, or otter nft ftrrtot for frlouomljy 
_ rB — « oitt tot looloo boII of UM) ooD4»lt to oecor* tot toloblo ojoloot 
tototiao «lto rropork u» too otooft. rW*r»kly, tW dlrootlo* of to* aoeaUor 
36ft lo too oboo u tact of too «ftoft ttnooto loft. •.». rltfit- 
od too oift*ft» « iftftft, or mot* lAo u «utf*ly 
tooo of Maoodo je*. oiui too pltek i*Uo Win* V> —ty. 
•jnors, «loa*-wlo. i^uuo of too o*m rtlotln to too IMofcl* oooot 
U«iocr oooftrr >8 to ot— *F~H oUo*U, ood o «oft»Mftftl« 2o»4 *• 
nauartOr oft ftorlof oloaait 57 to CBOM WU* *w ooo ootl»r-tary 

autoroatloX ocroo w oMo o» ft'* •«* ooo-boXf tftroodft/lw* 

JO ikroo&o oo o omoft oopradombhly l.T-loeb oatno* dloootor ood a*o oaA l*rm- 
vmtt+rm toioooft/loftft ooooro toxooflj a> o kbmlMx ojPT rm O OUU S.?-dAatK* 
looidt 411 
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OautMt fare* i?*!"* o>-*»*t >1 oaojriw* mAian i Uwb» o>, 
»lj «r*rim\^ or o fUrollbr «ioo«rtad *i.v*od ■reond *2saf% 

1ft. lfcj*r V*7)«« fi»t» Mkr kk i- U» oontmut with tor «M*r oodj of V«i 
Mil— < nA i» »11WUJ yo«itij0BOi or. abort ifl 1* toomatt mm tore* of tf* 

ylcto Mate b& «atMU «•* W-*/ «** oT the mIm tut It nowd 
^ aooft by lwdM(»i oopo—p o* lout MPOUor JB *• * 
nnli of roooioilt HlftmUa owr tlmrt 3?. Oroootft *7 ofo 

*l»tv«. to ror* m v»wr * l*r**" Mfl, < 

of toi iQiinm oxo loovrtoo. Ttooo pooio* on ^ ixopod ta 
Kit* tho Awe of t*o ealxmm w*» \r uand, A oow 48 «or to 
?loj# 4 ^ *»!■&• fertijp ■tkr frc» t*» »j*i*4 ■oefeondpo *** to protect 



IB MO» 



of tko 



tor Hxl tt»c om arflootioa of Um caIbm It r^ulrod. 
iTllH rw*Ot40>a ta o boollrt W ttWIi ^»li*oU«> of 
i«j*o lood tboroto vovJA Mtw total folturo cr n^rtar 
• porof otopi ko «o »5* «io prarlCftS tor thlo 
Aft risn, u» otopo oro rlUdlf eonootbot *© to. WkR rioUo, ood, la 
rffeoi ooaprioo OJOOT ooo U*v liHU>f po«l*l«*-A do *> 

83 ftlldO |oo|itadu»Ur thorooo. Sm owle o* too »tojo aft* «o«o wnrt, or o*v 
from, oo*L othor *• tto loot eo to* oprUc cate **rUo. I«rtr floto* *9» 
froo osolftf ion Vr Vo^f olwoldor 9ft ■oaoootod to V« 

t t u um oA» 1* mA *o to HmlV V* loofltttftlBftl 

«00 Will ■0*OTO O* «OBJ 1000 K>or**** to «■ 

mo. of to* oolsoo tlool bj. OJJW olto«*t*io 
U* too*** to ttoe ooJo-o «ju-o^ ooolo**. *•* o-rolo, ,u» or 

rias* ooootod m ta6 oVrfv «9 ftm ft* »toot. or <U» oooor 48 T«Jrt«*» *tb 
•oltoblo 09 V o^lqioi Mr Cklt poxpox W U-1t toa ft UHool 

•nl/or lotorol oofloctlM of no I nam. 
JO wo ooinot or tor colas eio^oot oj mqt to * rT * r ** 4 orooM tu» 

CMft 10, m oteoo b-ro rorot 4 yoriloo of tody of tot OTlD* 

oiib onto of «oio»o mto a» tto 
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rirud elooaly topa-tar m 
r+Uxrm utd totooo* U*~ to 



.. ..... p^j (m t£*r«* arowd U« m* t TtUi 

tola tto «j*rtr«. TH> i nk! *f 

«bnwU/HUe» aod tao mU»ui of 



oouWUMtten. for «aa»U, U* wulitanJ ratio of U* coIm mj to wrm 
TifllA?j ^ ta* qol*m nil «», -te nod, flct, riwM ar hing*4 . TDm K*^m 
cwtonMo la » tkU, «0n vltb ioa**-* frao to ap~ «lltu» 

tto n9M -w*** to Urn nmMf« tf too talon Jaitanalj «J*a* aa/ W 

aaUcfaetorlto -oaoja* fo* too ooImb* or© c-r*«m ■»* - 
cfarca*o» Ml u«h»I-«lfa4« •to±*Ua» rtoc"»», wUau aa] 
ID a* f*»ator koto, NryUJ* aeppor, hi* «3*tol ftllsyu MM OlMSor 
mtorlml* »?ort<31i« iOllttactory inatoaW f«j«rUw. TjrLOftUy, tte Wi- 
*• or W C itcW«tiln mm tjpn, vlto toa ClOtfc VIm 
\to LfcUfc—M , «nl arrat^d ao> tto* th* «Oda7 Xaeo Of V« u>»«» 
la rnaaml to Ito diatatcr of afcaTU B», »\U» rartLdaot w-*"*Uci 
laadlfi* tha oOloana tockla, «xsl W*i ahoot tto «lw to*u»o tha loa* 
of imxtia, o.f., oU*ar4iy my hw Ua ahaft lfl. 

fbr asaaoOs, a aroc* of ©al«*r O.IM-Idbo thl* 0.*j3-laefc vltte 
V 10.££-lae!*» l0Bf# v\Lh tto aad» reowtofl, van fatarlanto*. rroa A.X.8.X 
kjko mil, ^aanatod m4 Araua at 779*7' <dw n» fw^ to raooira a 

» crltUal ao^rtaaioa lead-t MO poooda i« ©«*«r to baokto ito 
. Aftor tekiiac tha vara favsl to tow a mry flat «prtot 

tie, u atom In 7V§*ra J, *>ar«l» P a to tto orlttaal 1 
0 i nil aaaala tto feat ant daflaotioa at wttcfe tha «ira«a lo tho 
Of tha oa laoa a^aao tu ycu*. of tfaa »VrUl. fittonttofcll;, 
or tkt* msrii nbaraotativtlc ovrvt la «w.«rttoa «rra Oa'AJO, oamaiij, 
tMi earn la o»«orltool Vf 0U0 Out to frtotiwi la •7***"- P»toa* & anJ I 
TOsroMt typ&aaJ. *«ratia4 U«<io# ■* ooariw, to wlrd ■ccojraUat to 

tt« &B»iiMrtleo fa/ *nioh lb* aprlnc l» dtalflnad. W «™«>i** jUmtz a J*r«t 
aa^bor of noottot ci«li» art act a»«.cU«tod, a wrtda* atxaai >iot balov tao 
JO yloU rolA» ■*/ »» o»<d, WMH with o fwa* anaoar of fla»»raa # iha wwklna; 
«txM» a^ %• toM to law tto* tba «AB«Ma tl»lt of to* aWtoJ of 
atom. Xa iha abvA-awtloaaa to>u ( tha l»toi«> uaneotlt 



riban 



< - 



ItoAtad to 
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4c to •ubrUoti-iL/ ooatust. 

«Mt ft vprlu* dw»le» amli, *» *aaa, ■■jlajli* 80 
taila* • vlUml taokU&f «f 125* »• l*W»l 

Oantvuoa w UMW Mw« 0 nl itart J-dD i*eb-» t» ^iropj4aWl» pool- 
UOAlM •*>!• CM* aa a jia a rtml Io*«Mb> taa varta* 



o.c* li 



<T aaarat, lm aortfdai * *prl»e •* ■»"■■ ** *" 1 

to <*taU» *»• crMtori fSMtkU nl» ■£ lo««tkaii**l ItfftaiUa- Mr •patiHa* 
rf in> — «*n*ctloa •rltical botM>c loaa, a»li*«taiaf 
ltMW U tt» aalw * «ai» lwL awter** <xAw**, 



IB tho ofuvttm «r tfat aboM c ay t cmmt tool tm »rtU*f • Unn 
jo -»XL i-Ti-r^. ta» aaao-<p aod lb lowar** L**o *a« mU «* w*ttc««l atom, 



Bms ta» tool It mt Um saslraa 
friAXfin ■TilT tS cw* **** 



*1 

36 u BO-wt aj niy Vj tiTfareaUU 
•prla^ •i» W k JT able*, aw a **UUada+ *r\l\mi 

ft* tmMtWl w<ttMijr aaalaaa %** aoaar end of • 
ai, «nd lat 4*p*n4. awfaoi !• «*a*^ 1,1 

tte tiw Bt to nr«» •«» <«twuf*l7 vita 4 

ram piaBoxttoo*! u» the critical awaallut i»* ot taa tprlac 
fcy—ily, ifca «paaaug tool U *«-d Uro^ «*• H»» *» 
it la tao caatat in %3m immt d*teci»«i favr*iaa*-o>*- 
X t»« foaaaalag HaaeriytloB of * aaaattaaaa « 

^ ^ r#f ite psrpoM oi aaaaiLfloatloa. It*llai 

la to* eatcll* o* ««ortmrtl« **n 



a - 
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documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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BLACK BORDERS 



